Introduction
Radiolarian dating is important for reconstruction and understanding of the tectono-stratigraphic evolution of the Western Tethys and the Northern Calcareous Alps as part of that paleogeographic realm (Fig. 1 ). In the Jurassic siliceous deep-water sediments (Fig. 2) , other index fossils like ammonoids are very rare, therefore, Jurassic radiolarians were the focus of many studies in the Northern Calcareous Alps Gawlick and Suzuki 1999; Gawlick et al. , 2001 Gawlick et al. , 2004 Wegerer et al. 1999 Wegerer et al. , 2001 Missoni et al. 2001a Missoni et al. , b, 2005 Suzuki et al. 2001; Suzuki and Gawlick 2003a, b; O'Dogherty and Gawlick 2008; O'Dogherty et al. 2017) , but only a few of these studies were concentrated on the Early Jurassic taxa Gawlick et al. 2001 ; O'Dogherty and . A precise radiolarian stratigraphy is needed for the facies reconstruction of the outer passive margin of the Neo-Tethys Ocean in the Jurassic; the relics of the outer margin are mainly preserved as blocks in Middle to lower Upper Jurassic mélanges along the Neotethyan Belt (Missoni and Gawlick 2011 for details) .
Well-preserved Early Jurassic radiolarian assemblages are also rare on a global scale (e.g., Yao 1997; Carter et al. 1988 Carter et al. , 1998 Matsuoka 1991 Matsuoka , 2004 Yeh and Cheng 1998; Whalen and Carter 2002; Goričan et al. 2003; Yeh and Yang 2006; Bertinelli and Marcucci 2011) and in the Western Tethyan realm only two lithostratigraphic units with diverse and well-preserved Pliensbachian assemblages have been described so far: the Dürrnberg Formation in Austria (O'Dogherty and and the grey bedded limestone of the Gümüşlü Allochthon in Turkey (De Wever 1981a , b, 1982a Pessagno and Poisson 1981) . Pliensbachian and Toarcian radiolarians were revised in a catalogue ) that served as a taxonomic basis to construct a global radiolarian zonation for this time period . Radiolarian-bearing successions with ammonite calibration are very rare on a global scale; of all Pliensbachian successions studied by Carter et al. (2010) only those in western North America were dated with ammonites. Therefore, the studied succession in the Northern Calcareous Alps provides unique opportunity to test the age ranges of radiolarian species with ammonite dating.
The tectono-stratigraphy of Mount Rettenstein (Fig. 3 ) has been intensively studied for nearly 100 years with various attempts to explain the stratigraphy and its tectonic framework (Trauth 1926 (Trauth , 1928 Spengler 1943; Ganss et al. 1954; Tollmann 1960; Auer et al. 2009 ). The radiolarian-bearing limestone form the lower part of the Rettenstein succession sensu stricto 3C ) occur above the Hallstatt Mélange (in the sense of Gawlick and Frisch 2003) , which is underlain by rocks of the Werfen imbricated Zone. The Rettenstein succession sensu stricto (Fig. 4 ) consists of Lower Jurassic grey, partly siliceous marly limestone at the bottom, followed by red limestone often attributed to the Adnet Formation (Tollmann 1960; Hirschberg and Jacobshagen 1965) . In contrast, Meister and Böhm (1993) pointed out that there is no difference in the microfacies between the grey marly limestone and the red marl. The Middle Jurassic Klaus Formation follows above a hiatus. Upsection, the Rettenstein Debris Flow cuts erosionally through the higher part of the Middle Jurassic Klaus Formation ). The latter is overlain by Oxfordian radiolarites of the Ruhpolding Radiolarite Group ) and the Kimmeridgian-Tithonian Plassen Formation (Schlagintweit et al. 2007 ) that represents the youngest part of the succession on Mount Rettenstein . Well-preserved Early Jurassic radiolarians from the basal grey marly limestone were attributed to the Early Pliensbachian Cifer et al. 2017) but not studied in detail.
The aim of this study is a precise age assignment and a systematic description of radiolarian assemblages from Mount Rettenstein. These rich assemblages may augment significantly the known radiolarian diversity in the Pliensbachian of the Western Tethys and improve the published stratigraphic ranges of taxa. A comparison with previously known Pliensbachian assemblages of this realm is also presented.
The type material of the new species, described herein, is deposited in the palaeontological collection of the Slovenian Museum of Natural History under numbers PMS 2393-2399. These collection numbers refer to SEM stubs with several specimens; each specimen/photograph has an additional number indicated under the heading Type material. Other illustrated specimens are stored at ZRC SAZU, PIIR. Other abbreviations.-FAD, first appearance datum; LAD, last appearance datum.
Nomenclatural acts.-This published work and the nomenclatural acts it contains, have been registered in ZooBank: urn:lsid:zoobank.org:pub:50CB5818-049F-46C1-A90C-D2780E258FF3
Geological setting
Mount Rettenstein is a conspicuous, 2246 m high peak situated southwest of the Dachstein plateau near the small town Filzmoos (Salzburg, Austria; Fig. 1B ). The limestone massif rises steeply from the morphologically far smoother Werfen imbricated Zone constituting the trailing edge of the Northern Calcareous Alps above their Greywacke Zone basement. The tectonic affiliation of the Mount Rettenstein succession is controversial (Kober 1938; Spengler 1956; Auer et al. 2009 ) as well as the paleogeographic provenance of the Rettenstein succession sensu stricto. In the most recent regional tectonic approach, the "block model" of Frisch and Gawlick (2003;  Fig. 1B ), Mount Rettenstein is part of the Upper Tirolic mega-unit. However, there are a variety of different opinions about Mount Rettenstein's internal build, its tectonic affiliation and the pre-contractional regional palaeogeographic constellation (see Schäffer 1976 and Tollmann 1981 for brief overviews of the most important models), with many questions about Mount Rettenstein's geological evolution (Fig. 3 ) not yet answered satisfactorily. Age, litho-and microfacies of the Lower Jurassic grey sedimentary rocks and their overlying succession is crucial to unravel the palaeogeographic provenance of the Jurassic sequence. Lower Jurassic grey, often siliceous marly limestone topped by Pliensbachian-Toarcian mass transport deposits consisting of red nodular limestone (resemblance to Adnet Formation) were widely deposited in the Northern Calcareous Alps. In contrast, grey marly limestone with a relative high sedimentation rate (Fig. 4 ) overlain by red condensed limestone as on Mount Rettenstein are practically unkown. Deposition of grey siliceous limestone or red nodular limestone is generally related to the latest Triassic Fig. 2. Stratigraphic table with lithostratigraphic names and main tectonic events of the Jurassic of the Northern Calcareous Alps with their variations depending on the palaeogeographic position (after Gawlick et al. 2009 ). The different facies belts and therefore also the formations belong to depositional realms, which roughly correspond to the later formed tectonic units. The outer shelf region can only be reconstructed from blocks in Middle to Upper Jurassic mélanges and is, therefore, not completely understood in all details. The grey limestone succession from Mount Rettenstein shows characteristics of both the Scheibelberg and the Dürrnberg formations (in bold). Estimated palaeogeographic positions of the studied section are indicated. Abbreviations: Cret., Cretaceous; Fm., Formation; Lst., Limestone.
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Fm. topography (Fig. Gawlick et al. 2009 ). The succession of Mount Rettenstein is made up of three individual tectonic units with both thrust and normal fault movements being important for their juxtaposition ; between the Werfen imbricated Zone substratum (Fig. 3C ; Structural Unit I) and the thick Rettenstein succession sensu stricto making up the Mount Rettenstein massif (Fig. 3C ; Structural Unit III) exists a thin, laterally discontinuous sheet consisting of Hallstatt Mélange rocks (Fig. 3C; Structural Unit II; Auer et al. 2006 Auer et al. , 2009 . Our studied samples derive from the Lower Jurassic (part of Structural Unit III). The provenance of this unit is, until now, not clear. On the basis of the stratigraphic evolution of the succession and the present situation of the structural unit, an original position in the outer shelf region (Zlambach Facies Zone) is most likely, even though the lithofacies shows similarities to successions of more proximal parts of the shelf (see Fig. 2 ). Despite its resemblance to the Scheibelberg Formation, the studied grey marly limestone of Mount Rettenstein belongs most probably to the Dürrnberg Formation. The total age range of the Lower Jurassic grey marly limestone succession will allow a more substantiated evaluation of the original palaeogeographic position. That is, however, a future target and not the topic of this paper.
Material and methods
Six samples of grey bedded limestone were collected from Mount Rettenstein. Samples were collected from two parallel sections from the Weitenhausgraben cirque on the southern flank of Mount Rettenstein ( Fig. 3B ): (i) samples Rö416 and Rö417; (ii) samples Rö37, Rö38, and Rö40. Rö97 is from the western flank of the mountain. The succession is in normal stratigraphic position and was sampled with ascending order of sample numbers; in the same section the higher numbers are stratigraphically above. The radiolarian samples were processed in acetic acid (8-10%) for several days, washed and sieved. From all samples thin sections were prepared for microfacies analyses.
Radiolarian dating was chiefly based on the global Pliensbachian to Aalenian zonation by Carter et al. (2010) . We also used the range chart of Jurassic and Cretaceous genera as compiled by O'Dogherty et al. (2009) . For the taxa, which were not included in the zonation of Carter et al. (2010) or have not been described up to now in the Pliensbachian, we considered the Hettangian to Sinemurian zonation by Carter et al. (1998) and other publications on well-dated Early Jurassic radiolarian assemblages (e.g., Yeh and Yang 2006; Bertinelli and Marcucci 2011) .
The Hettangian to Pliensbachian part of the section (Tolmann 1960; Fig. 4 ) is constituted by an up to 100 m thick grey marly siliceous limestone succession. The microfacies (Fig. 5 ) of the bioturbated basin sediment is identical to that of the Scheibelberg Formation ), which occurs widespread in the more northern parts of the Tirolic realm ( Fig. 1) , even though mostly with significantly Fig. 3 . A. View of the complete Mount Rettenstein complex from the southwest. B. Position of the studied section in the Weitenhaus cirque, the oval indicates the location where the studied samples were collected. C. Schematic sketch of the structural build of Mount Rettenstein with the three main tectonic units (from Auer et al. 2006) . Structural Unit I: The primary part of the Tirolic mega-unit which, in contrast to the higher structural units, stayed (more or less) in place relative to the basis of the Upper Tirolic thrust sheet. In the Mount Rettenstein region, Permian to early Middle Triassic strata make up the succession above the Greywacke Zone basement (Ganss et al. 1954) . Structural Unit II: This intermediate, rather thin sheet is mainly made up of a laterally variable mega-slide succession of the Middle Jurassic Hallstatt Mélange. It is thought to have achieved its present position in the hangingwall of a normal fault . Structural Unit III: The topmost Mount Rettenstein unit corresponds to the Lower to Upper Jurassic Mount Rettenstein succession sensu stricto in the sense of Auer et al. (2009) . It is suggested to have been emplaced along a thrust fault lower thicknesses. On the other hand, the microfacies characteristics also resemble the microfacies of the Dürrnberg Formation , which is far better in line with the present-day geographic and structural situation. In contrast to earlier interpretations (Spengler 1943; Ganss et al. 1954) , the subordinate reddish limestone intercalations in the grey part of the succession are unlikely the result of tectonic stacking processes. Instead they seem to be stratigraphic-facies phenomena reflecting periods of condensed sedimentation (Tollmann 1960) or changing diagenetic conditions. The overlying condensed (Hirschberg and Jacobshagen 1965) nodular marly red limestone succession is maximally 8 m thick and contains a rich and well-studied ammonite fauna of Late Pliensbachian to Early Toarcian age (Meister and Böhm 1993; Fig. 4) . The observed condensation throughout the Lower Jurassic is most prominent in the uppermost parts of the red marly limestone (Hirschberg and Jacobshagen 1965) . Above follows a < 2 m thick Callovian to Oxfordian Klaus Formation with Bositra and protoglobigerinids, which is then overlain by the < 3.5 m thick Rettenstein Debris Flow above a slightly undulating, erosional surface (see Auer et al. 2009 for a more detailed description). The strata removal below the discontinuity seems to be only minor. The Rettenstein Debris Flow is almost exclusively made up of Upper Jurassic shallow-water carbonate detritus. The transition from the component-supported breccia to the < 1.5 m thick pure radiolarite of the Ruhpolding Radiolarite Group is sharp but still gradual over an approximately 10 cm wide zone. On top of the radiolarite, the Plassen Formation starts with a basal siliceous shallowing-upward sequence. By means of foraminifera and radiolarian stratigraphy, an early to middle late Oxfordian age has been proven for the Rettenstein Debris Flow, the Ruhpolding Formation, and the basal Plassen Formation ).
Systematic palaeontology
The studied fauna is well-preserved and diverse. The family assignment follows De Wever et al. (2001) and O'Dogherty et al. (2009) ; the arrangement of families in the text is the same as that in O'Dogherty et al. (2009) . The occurrence of genera and species in the samples studied is shown in Tables 5 and 6, the taxa are illustrated in Figs. 6-10. In total, 71 species belonging to 45 genera have been identified. For all species, stratigraphic and geographic ranges are given in the text. Of the 71 species, five are determined in open nomenclature and 4 species are newly described.
Subclass Radiolaria Müller, 1858 Superorder Polycystina Ehrenberg, 1838 , emend. Riedel, 1967 Order Entactinaria Kozur and Mostler, 1982 Family Eptingiidae Dumitrica, 1978 Genus Tozerium Whalen and Carter in Carter et al., 1998 Type species: Tozerium nascens Haida Gwaii, British Columbia, Canada, Sandilands Formation, lower Hettangian to lower Sinemurian.
Tozerium filzmoosense Cifer sp. nov. ; sample Rö416. C, D. Liassobetraccium bavaricum ; sample Rö37. E, F. Liassobetraccium verticispinosum ; sample Rö37. G-J. Pantanellium browni Pessagno and Blome, 1980 Fig. 8A-G. 1980 Pantanellium browni sp. nov.; Pessagno and Blome 1980: 239, pl. 4: 5-7, 12, 14, 16, 19, 20. 1990 Ellipsoxiphus browni (Pessagno and Blome, 1980) ; Kozur and Mostler 1990: 214, pl. 14: 14; pl. 15: 11, 14. 1991 Pantanellium browni Pessagno and Blome, 1980; Tipper et al. 1991 Tipper et al. : pl. 8: 13. 1998 Pantanellium browni Pessagno and Blome, 1980; : 47, pl. 1: 6, 16. 1998 Pantanellium sp. cf. P. browni Pessagno and Blome, 1980 Carter in Carter et al. 1998: 47, pl. 2: 3. 2001 Sphaerostylus kluensis (Pessagno and Blome, 1980) ; : 43, fig. 2: 14. 2002 Pantanellium browni Pessago and Blome, 1980 Tekin 2002 Tekin : 180, pl. 1: 5. 2009 Sphaerostylus kluensis (Pessagno and Blome, 1980) ; Gawlick et al. : 117, fig. 62: 3. 2011 Pantanellium browni Pessagno and Blome, 1980; Bertinelli and Marcucci 2011: 408, pl. 2: 2, 3, 4. Material.-Sample Rö37: stubs Rö37_2 (1 specimen), Rö37_3 (12 specimens), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Remarks.-In this species we include specimens with a nearly spherical shell, a relatively large number of pores and two stout spines. The length of spines is variable, ranging from one to 1.5 times the diameter of the cortical shell. The specimens can be without nodes on the pore-frame vertices (Fig. 8A) or with strong nodes (Fig. 8F ).
Stratigraphic and geographic range.-Hettangian to Sinemurian , Lower Pliensbachian (this study). Haida Gwaii (British Columbia), Italy, Northern Calcareous Alps (Germany and Austria), Turkey.
Pantanellium haidaense Pessagno and Blome, 1980 Fig. 8K. 1980 Pantanellium haidaense sp. nov.; Pessagno and Blome 1980: 242, pl. 5: 5, 18, 19, 21. Material Pantanellium skedansense Pessagno and Blome, 1980 Fig. 8H-J. 1980 Pantanellium skedansense sp. nov.; Pessagno and Blome: 246, pl. 5: 8, 9, 15, 20, 23. 1990 Ellipsoxiphus suessi (Dunikowski, 1882) ; Kozur and Mostler 1990: 214, pl. 14: 12; pl. 15: 12, 13. 1998 Pantanellium skedansense Pessagno and Blome, 1980; Carter in Carter et al. 1998: 49, pl. 1: 12. 2002 Pantanellium skedansense Pessagno and Blome, 1980; Carter 2002: 105, pl. 6: 7, 8, 13, 14. 2006 Pantanellium skedansense Pessagno and Blome, 1980; Goričan et al. 2006 : 280, pl. PAN16: 1-3. 2006 Pantanellium skedansense Pessagno and Blome, 1980; Yeh and Yang 2006: 326, pl Remarks.-This species is characterized by an elongated cortical shell and long polar spines with wide grooves. Ellipsoxiphus suessi (Dunikowski, 1882) is considered nomen dubium due its poor illustration (Dunikowski 1882: pl. 5: 50) ; E. suessi illustrated by Kozur and Mostler (1990) is assigned to Pantanellium skedansense.
Stratigraphic and geographic range.-Hettangian , upper Sinemurian (Pessagno and Blome 1980; Carter et al. 1998) , Pliensbachian  this study). Haida Gwaii (British Columbia, Canada), Baja California Sur, Nadanhada Terrane (China), Northern Calcareous Alps (Germany and Austria).
Genus Gorgansium Pessagno and Blome, 1980 Gorgansium alpinum Kozur and Mostler, 1990 1984 Gorgansium sp. A; Igo and Nishimura 1984: pl. 3: 18, ? 20, ? 21, ? 23; pl. 4: 8. 1990 Gorgansium alpinum sp. nov.; Mostler 1990: 216, pl. 16: 12. 2002 Gorganisum alpinum Kozur and Mostler, 1990; Tekin 2002 : 179, pl. 1: 1, 2. 2006 Yeh and Yang 2006: 326, pl. 6: 4. Material.-Sample Rö37: stubs Rö37_1 (one specimen), Rö37_2 (four specimens), Rö37_3 (one specimen); sample Rö416: stubs Rö416_1 (two specimens), Rö416_7 (five specimens); sample Rö417: stub Rö417 (seven specimens), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian. Kishida and Hisada, 1985. Stratigraphic and geographic range.-Hettangian to Sinemurian (as published, see synonymy list); Lower Pliensbachian (this study). Northern Calcareous Alps (Germany and Austria), Turkey, Nadanhada Terrane (China), Japan. Mostler, 1990 Fig. 8N. 1980 Gorgansium sp. C; Pessagno and Blome 1980: 236, pl. 4: 8. 1990 Gorgansium blomei sp. nov.; Kozur and Mostler 1990: 216 (spe- cies name misspelled as blomi in the description), pl. 16: 13.
Remarks.-See remarks under Gorgansium gongyloideum
Gorgansium blomei
Material.-Sample Rö37: stubs Rö37_1 (one specimen), Rö37_3 (eight specimens); sample Rö38: stub Rö38_1 (seven specimens); sample Rö416: stubs Rö416_1 (15 specimens), Rö416_7 (seven specimens); sample Rö417: stub Rö417 (15 specimens), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Remarks.-In Gorgansium gongyloideum we group morphotypes with a spherical cortical shell, a relatively large number of small pores and three spines that are approximately as long as the diameter of the shell. One spine is somewhat longer than the other two. Species with the longer spine almost twice the length of the shorter spines are assigned to Gorgansium alpinum Kozur and Mostler, 1990 .
Stratigraphic and geographic range.-Hettangian to Toarcian (as published, see synonymy list). Worldwide.
Family Parvivaccidae Pessagno and Yang in Pessagno et al., 1989 , emend. De Wever et al. 2001 Subfamily Acaeniotylinae Yang, 1993 Genus Acaeniotylopsis Kito and De Wever, 1994 Type species: Acaeniotylopsis triacanthus Kito and De Wever, 1994;  Contrada La Ferta, Sicily, Italy, Middle Jurassic.
Acaeniotylopsis ghostensis Fig. 6B.
1988 Acaeniotyle (?) ghostensis Carter sp. nov.; Carter et al. 1988 Carter et al. : 33, pl. 9: 6. 1994 Acaeniotylopsis ghostensis ; De Wever 1994: 132, pl. 1: 7, 8. 1995 Acaeniotylopsis ghostensis ; Baumgartner et al. 1995 Baumgartner et al. : 56, pl. 2001 Baumgartner et al. : 1, 2. 1997 Acaeniotylopsis ghostensis ; Yao 1997 Yao : pl. 3: 102. 2006 Acaeniotylopsis ghostensis , Goričan et al. 2006: 16, pl 1989 Archaeocenosphaera laseekensis Pessagno and Yang sp. nov.; Pessagno et al. 1989 Pessagno et al. : 203, pl. 2: 18, 21, 22, 25. 1998 Archaeocenosphaera laseekensis Pessagno and Yang in Pessagno et al., 1989; Carter et al. 1998 Carter et al. : 57: pl. 11: 1, 5, 9, 21. 2001 Cenosphaera laseekensis (Pessagno and Yang in Pessagno et al., 1989) ; Gawlick et al. 2001: fig Pessagno and Yang in Pessagno et al., 1989; Longridge et al. 2007 Longridge et al. : 161, pl. 2: 15. 2011 Archaeocenosphaera laseekensis Pessagno and Yang in Pessagno et al., 1989; Bertinelli and Marcucci 2011: 410, pl. 2: 7. 2011 Archaeocenosphaera laseekensis Pessagno and Yang in Pessagno et al., 1989; Yeh 2011: 34, pl. 18: 15, 21. Material.-Sample Rö37: stubs Rö37_1 (two specimen), Rö37_2 (two specimens), Rö37_4 (31 specimens), Rö37_5 (one specimen); sample Rö38: stub Rö38_1 (three specimens); sample Rö40: stub Rö40_1 (36 specimens); sample Rö97: stubs Rö97_1 (two specimens), Rö97_2 (28 specimens), Rö97_3 (35 specimens); sample Rö416: stub Rö416_5 (seven specimens); sample Rö417: stub Rö417 (ten specimens), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Remarks.-We follow Carter et al. (1998) 
who included
Archaeocenosphaera of considerably variable size in this species.
Stratigraphic and geographic range.-Lowermost Hettangian to lower Sinemurian , Bajocian (Yeh 2011) , Lower Pliensbachian (this study). British Columbia (Canada), east-central Oregon (USA), Italy, Northern Calcareous Alps (Austria).
Genus Novamuria Özdikmen, 2009
Type species: Amuria impensa  Haida Gwaii, British Columbia, Canada, Hettangian to Sinemurian.
Novamuria macfarlanei 1998 Amuria macfarlanei Carter et al. 1998 Carter et al. : 56, pl. 11: 7. 2001 Amuria macfarlanei Gawlick et al. 2001 Gawlick et al. : fig. 5: 3. 2011 Amuria macfarlanei Bertinelli and Marcucci 2011: 410, pl Remarks.-Xiphostylus simplus was originally defined as having one extremely short polar spine . Later, species with both spines strong and relatively long were also included . All our specimens have two long spines; in some specimens they are slightly torsioned ( Fig. 8W ). Material.-Sample Rö40: stub Rö40_1 (ten specimens); sample Rö97: stub Rö97_4 (six specimens), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Remarks.-Praeconocaryomma bajaensis as defined by Whalen in Goričan et al. (2006) shows a considerable variability in the size and arrangement of pores. The same variability is also obvious in our material (note that the illustrated specimens in Fig. 7J -N are from the same sample). In all specimens the mammae are larger than in a closely Remarks.-Similarly as Goričan et al. (2006) we consider Praeconocaryomma decora as a group of morphotypes with imperforate mammae and a variable interlocking meshwork of relatively large intermammary pore frames. We, therefore, agree with Bertinelli and Marcucci (2011) who assigned to P. decora Hettangian morphotypes with a considerably less complex intermammary structure than that of the type material illustrated by Yeh (1987) . by being thinner and having a much shallower cavity.
Family Hagiastridae Riedel, 1971 Genus Crucella Pessagno, 1971 Type species: Crucella messinae Pessagno, 1971 ; Yolo County, California, USA, Cenomanian.
Crucella angulosa sensu lato Carter in Carter et al., 1988 Fig. 7X. 1988 Crucella angulosa Carter sp. nov.; Carter et al. 1988 Carter et al. : 43, pl. 4: 11, 12. 1998 Crucella carpenterensis sp. nov.; Cordey 1998 : 69, pl. 19: 3, 4. 2006 Crucella angulosa angulosa Carter in Carter et al., 1988 Goričan et al. 2006: 118, pl Crucella squama (Kozlova, 1971 ) Fig. 7W. 1971 Hagiastrum squama sp. nov.; Kozlova 1971 Kozlova : 1175 Kozlova , pl. 1: 10. 1973 Hagiastrum squama sp. nov.; Kozlova 1973 Kozlova : 59, pl. 18: 8. 1981b Crucella squama (Kozlova, 1971) ; De Wever 1981b : 38, pl. 5: 7. 1982b Crucella squama (Kozlova, 1971) ; De Wever 1982b : 255, pl. 29: 4. 1988 Crucella sp. aff. C. squama (Kozlova, 1971) ; Carter et al. 1988 Carter et al. : 43, pl. 12: 11, 12. 2002 Crucella squama (Kozlova, 1971 ); Carter 2002: 106, pl. 2: 2, 5. 2002 Crucella squama (Kozlova, 1971) ; Suzuki et al. 2002 Suzuki et al. : 176, fig. 7D. 2006 Crucella squama (Kozlova, 1971) ; Goričan et al. 2006: 128, pl Beatricea? argescens (Cordey, 1998) 1988 Orbiculiforma sp. A; Carter et al. 1988 : 45, pl. 1: fig. 9. 1989 Hattori 1989 Hattori : pl. 2: J. 1996 Orbiculiforma sp. Hori et al. 1996 Hori et al. : pl. 1: 19. 1998 Orbiculiforma argescens sp. nov.; Cordey 1998 Cordey : 94, pl. 21: 6, 9, 11. 2006 Beatricea ? argescens (Cordey, 1998) ; Goričan et al. 2006: 60, pl . Haida Gwaii and Williston Lake (British Columbia, Canada), Oregon (USA), Northern Calcareous Alps (Austria), Italy, Oman, Nadanhada Terrane (China), Philippines, Japan.
Thurstonia? minutaglobus Carter in Carter et al., 1998 Fig. 6T. 1998 Thurstonia minutaglobus Whalen and Carter et al. 1998: 43, pl. 6: 7, 9; pl. 8: 2, 5-7, 9, 10, 13. 2001 Thurstonia minutaglobus Whalen and Carter in Carter et al., 1998; Gawlick et al. 2001 : 46, fig. 5: 5. 2009 Thurstonia minutaglobus Whalen and Carter in Carter et al., 1998 Gawlick et al. 2009: 118, fig Liassobetraccium bavaricum Fig . 6C , D.
1990 Betraccium bavaricum sp. nov.; Kozur and Mostler 1990: 215, pl. 14: 4, 9. Material.-Sample Rö37: stub Rö37_6 (three specimens), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Remarks.-Liassobetraccium bavaricum varies in the size of the specimens (compare Fig. 6C and D) and torsion of spines. Some specimens show stronger torsion throughout the whole length of spines ( Fig. 6C) , whereas others have a weak torsion (Fig. 6D ). The specimen in Fig. 6C resembles Liassobetraccium hettangicum (Kozur and Mostler 1990: pl. 14: 4) but has distinct nodes on the pore-frame vertices of the cortical shell.
Stratigraphic and geographic range.-Hettangian and Lower Pliensbachian (this study). Northern Calcareous Alps (Austria, Germany).
Liassobetraccium verticispinosum 1990 Betraccium verticispinosum sp. nov.; Kozur and Mostler 1990: 216, pl. 14: 7, 8. Material.-Sample Rö37: stubs Rö37_1 (one specimen), Rö37_6 (two specimens), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Remarks.-In this species, the torsion of spines is strong and, according to the original definition, limited to the distal third of spines. In our material, the degree of torsion varies among spines of the same specimen ( Fig. 6F ) and the differentiation from Liassobetraccium bavaricum is not sharp (compare Fig. 6C ). It is possible that in future studies, when more material is available, different Liassobetraccium with torsioned spines will be merged in one species.
Genus Loupanus Carter, 1993 Type species: Loupanus thompsoni Carter, 1993, Haida Gwaii, British Columbia, Canada, Sandiland Formation, Rhaetian.
Remarks.-The Loupanus has been so far described only in the Rhaetian (Carter 1993) Material.-Sample Rö38: stub Rö38_1 (one specimen); sample Rö416: stubs Rö416_5 (four specimens), Rö416_7 (seven specimens); sample Rö417: stub Rö417 (two specimens), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Diagnosis.-Round cortical shell with five three-bladed spines, forming the edges of two tetrahedrons.
Description.-Three spines are in the equatorial plane, forming a 120° angle between them. Perpendicularly to this plane are two bipolar spines. All spines three-bladed, massive, tapering distally. Spines in equatorial plane equal in length, approximately as long as the diameter of the cortical shell. One polar spine as long as the equatorial spines, the other polar spine slightly longer. The cortical shell is spherical. Outer layer of small pore frames irregularly polygonal in shape, composed of thick bars with small nodes at vertices. The nodes can be faint ( Fig. 6K-M) or rather strong and can bear small spines ( Fig. 6O) .
Dimensions.-See Table 3 .
Remarks.-Loupanus pliensbachicus Cifer sp. nov. differs from the Triassic Loupanus thompsoni Carter, 1993 (Carter 1993 by having a spherical rather than fivesided cortical shell. The spines are shorter and the bipolar spines are unequal in length. The structure of the cortical shell and spines resembles Thurstonia? timberensis , but the number of spines is different; Loupanus has 5 spines (3 in equatorial plane) whereas Thurstonia has 6 spines (4 in equatorial plane). Carter et al. 1988 : 42, pl. 11: 7. 2002 Paronaella corpulenta De Wever, 1981b Carter 2002: 107, pl. 2: 6, 12. 2003 Paronaella spp.; Goričan et al. 2003: 295, pl. 2: 4 (only) . ? Paronaella corpulenta De Wever, 1981b Matsuoka 2004 : fig. 32. 2006 Paronaella corpulenta De Wever, 1981b Goričan et al. 2006: 298, pl. PAR13: 1-9.
Material.-Sample Rö38: stub Rö38_1 (one specimen); sample Rö417: stub Rö417 (two specimens), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Stratigraphic and geographic range.-Pliensbachian to Lower Toarcian ). Worldwide. Pseudoheliodiscus robustospinosus Mostler, 1990 Fig. 7A. 1990 Pseudoheliodiscus robustospinosus sp. nov.; Kozur and Mostler 1990: pl. 2: 3, 8; pl. 4: 8-11; pl. 5: 10. 2006 Pseudoheliodiscus robustospinosus Kozur and Mostler, 1990; Yeh and Yang 2006: 330, pl Stauracanthocircus asymmetricus Mostler, 1990 Fig. 7E. 1990 Stauracanthocircus asymmetricus sp. nov.; Kozur and Mostler 1990: 197, pl. 2: 9 ; pl. 8: 7-10; pl. 9: 1-5, 7, 10, 12.
Material.-Sample Rö37: stub Rö37_4 (two specimens); sample Rö417: stub Rö417 (two specimens), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Stratigraphic and geographic range.-Hettangian , Lower Pliensbachian (this study). Northern Calcareous Alps, Germany and Austria.
Subfamily Parasaturnalinae Kozur and Mostler, 1972 Genus Stauromesosaturnalis Kozur and Mostler, 1990 Carter et al. 1998: 76, pl. 23: 1, 5, 9-12; pl. 27: 15, 19. 2002 Bipedis douglasi Whalen and Carter in Carter et al., 1998; Tekin 2002: 192, pl Material.-Sample Rö37: stub Rö37_6 (seven specimens); sample Rö38: stub Rö38_1 (one specimen); sample Rö416: stub Rö416_4 (nine specimens), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Remarks.-A huge variety of forms differing in overall size and structure of the thorax have been included in Anaticapitula anatiformis . The samples of the present study only contain specimens with a two-layered thorax. The morphotype with a simple thoracic wall of large polygonal pore frames (e.g., Goričan et al. 2006 : pl. JAC02: 6-11) has not been found.
Stratigraphic and geographic range.-Hettangian to Middle -Upper Toarcian . World wide. Fig Material.-Sample Rö38: stub Rö38_1 (one specimen); sample Rö417: stub Rö417 (one specimen), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Remarks.-Anaticapitula parvireticulata has been known from the Hettangian and now we found one specimen in the lower Pliensbachian. Considering its rarity in the Pliensbachian and the discontinuous stratigraphic record it is possible that the illustrated specimen ( Fig. 9E) Family Deflandrecyrtiidae Kozur and Mostler, 1979 Genus Haeckelicyrtium Mostler, 1979, emend. Carter, 1993 Fig. 9 . SEM images of radiolarians, Mount Rettenstein, Austria, Pliensbachian, Early Jurassic. A-D. Anaticapitula anatiformis Haeckelicyrtium sp. 1 Fig. 8AC , AD.
Material.-Sample Rö37: stubs Rö37_3 (one specimen), Rö37_5 (three specimens); sample Rö38: stub Rö38_1 (one specimen); sample Rö416: stub Rö416_5 (two specimens); sample Rö417: stub Rö417 (one specimen), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Description.-Test composed of tricyrtid conical part and a flaring skirt. Cephalis smooth, covered with small pores; a short three-bladed apical horn present. Pores on the rest of the test much larger; the size of pore frames increases from thorax to abdomen and the skirt. The skirt is separated from the abdomen by a pronounced constriction.
Remarks.-Haeckelicyrtium sp. 1 differs from Haeckelicyrtium crickmayi Carter (in Goričan et al. 2006) by having a higher conical part and a pronounced constriction between the abdomen and the flaring skirt. It differs from Haeckelicyrtium sp. A sensu Carter et al. (1998, pl. 16: 14, 15, 19-22) by its conical instead of dome-shaped outline.
Family Cuniculiformidae De Genus Cuniculiformis De Wever, 1982a 1982a Cuniculiformis plinius sp. nov.; : 199, pl. 6: 17-20. 1989 Cuniculiformis plinius Spörli et al. 1989 Spörli et al. : fig. 5: 7. 1992 Cuniculiformis plinius Spörli 1992: fig. 5: 5. 1998 Cuniculiformis plinius Carter et al. 1998: 66. Material.-Sample Rö416: stub Rö416_4 (five specimens), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Stratigraphic and geographic range.-Sinemurian to Pliensbachian Cornutella riedeli Yao, 1979 Fig. 10P. 1979 Yao 1979 Yao : 41, 42, pl. 11: 5-9. 1979 Cornutella sp. cf. C. californica Campbell and Clark; Yao 1979 Yao : 41, pl. 11: 1-4. 1986 Cornutella riedeli Yao, 1979; Takemura 1986 : 68, pl. 12: 20-22. 1997 Cornutella riedeli Yao, 1979 Yao 1997 : fig. 389. 2004 Matsuoka 2004: fig. 250 Material.-Sample Rö37: stubs Rö37_1 (two specimens), Rö37_2 (three specimens), Rö37_4 (two specimens), Rö37_5 (six specimens); sample Rö416: stub Rö416_7 (two specimens); sample Rö417, stub Rö417 (one specimen), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Remarks.-This species differs from Doliocapsa matsuokai (Yeh, 2009) by having a less pronounced stricture between the conical proximal conical part and the inflated last segment (Yeh 2009: 67, pl. 21: 1, 8, 20, 22) . Doliocapsa sp. 1 is very similar to Lantus obesus but differs from the latter in having an aperture.
Family Bagotidae Pessagno and Whalen, 1982 Genus Droltus Pessagno and Kozur and Mostler 1990 : 223, pl. 17: 3, 4. 1998 Droltus eurasiaticus Kozur and Mostler, 1990 Yeh and Cheng 1998 : 20, pl. 12: 1. 2002 Droltus eurasiaticus Kozur and Mostler, 1990 Whalen and Carter 2002 : 116, pl. 16: 5, 6. 2006 Droltus eurasiaticus Kozur and Mostler, 1990 Goričan et al. 2006: 136, pl Material.-Sample Rö40: stub Rö40_1 (two specimens); sample Rö97: stub Rö97_2 (two specimens), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Stratigraphic and geographic range.-Hettangian to Aalenian (as published, see synonymy list herein and in Goričan et al. 2006 ). Worldwide.
Parahsuum ovale Hori and Yao, 1988 1988 Parahsuum ovale sp. nov.; Hori and Yao 1988 : 51, pl. 1: 3a-3e, 4a-c, 6-8, 9a, b. 2006 Parahsuum ovale Hori and Yao, 1988 Goričan et al. 2006: 288, pl. PHS05: 1-6 (and synonymy therein). 2011 Parahsuum ovale Hori and Yao, 1988; Bandini et al. 2011: pl. 8: 2; pl. 9: 6, 7.
Material.-Sample Rö416: stub Rö416_2 (one specimen), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Stratigraphic and geographic range.-Sinemurian to Toarcian (as published, see synonymy list herein and in Goričan et al. 2006) . Northern Calcareous Alps (Austria), Montenegro, Oman, Tibet, Japan.
Family Canoptidae Pessagno in Pessagno et al., 1979 Genus Canoptum Pessagno in Pessagno et al., 1979 Type species: Canoptum poissoni Pessagno in Pessagno et al., 1979;  Turkey, Lower Jurassic.
Remarks.-We follow O'Dogherty et al. (2009) , who synonymized Relanus Pessagno and Whalen, 1982 with Canoptum Pessagno in Pessagno et al., 1979 . Relanus was originally distinguished from Canoptum by having a horn and a less extensive veneer of microgranular silica . The horn is always very small or even lacking, and the degree of coverage with microgranular silica is not an appropriate character to distinguish different genera in fossil material. Representatives of the genus Canoptum are very rare in our samples.
Canoptum reefense Fig . 10U , V.
1982 Relanus reefensis sp. nov.; Pessagno and Whalen 1982: 125, pl. 1: 2-4; pl. 12: 3. 1990 Relanus hettangicus sp. nov.; Kozur and Mostler 1990: 220, pl. 16: 1, 4, 5, 7, 10, 11, 14; pl. 17: 8, 14-16. 1990 Relanus multiperforatus sp. nov; Mostler 1990: 221, pl. 16: 2, 3. 1998 Relanus reefensis Pessagno and Poisson, 1981; Carter et al. 1998: 65, pl. 16: 4, 5, 10, 11; pl. 26: 6. 2001 Canoptum reefense ; Gawlick et al. 2001 Gawlick et al. : 43, fig. 2: 24. 2002 Relanus reefensis Tekin 2000: 189, pl. 4: 9.
Material.-Sample Rö37: stub Rö37_1 (one specimen); sample Rö38: stub Rö38_1 (two specimens); sample Rö416: stub Rö416_5 (one specimen), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Remarks.-In Canoptum reefense we group spindle-shaped distally constricted morphotypes with hoop-like segments.
Postabdominal segments are covered with irregularly distributed small pores but lack a more distinct ornamentation.
Stratigraphic and geographic range.-Hettangian to lower Sinemurian , Lower Pliensbachian (this study). Haida Gwaii (British Columbia, Canada), Northern Calcareous Alps (Austria, Germany), Turkey.
Canoptum rugosum Pessagno and Poisson, 1981 Fig. 10T. 1981 Canoptum rugosum sp. nov.; Pessagno and Poisson 1981: 61, pl. 11: 5-9; pl. 13: 3; pl. 14: 1, 2. 1982 Canoptum rugosum Pessagno and Pessagno and Whalen 1982: 125, pl. 6: 7. Material.-Sample Rö37: stub Rö37_6 (five specimens); sample Rö417: stub Rö417 (one specimen), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Remarks.-Our specimens have a much longer horn than typical Atalantria emmela . Transverse ridges are less raised. These characters are considered as intraspecific variability; Atalanta sp. A of Tekin (2002) is therefore included in the synonymy.
Stratigraphic and geographic range.-Sinemurian to Lower Pliensbachian . Haida Gwaii and coastal Canadian Cordillera (British Columbia, Canada), Baja California Sur, Northern Calcareous Alps (Austria), Turkey.
Family Eucyrtidiidae Ehrenberg, 1847 Subfamiliy Favosyringiinae Steiger, 1992 Genus Katroma Pessagno and Poisson, 1981 , emend. Whalen and Carter in Carter et al. 1998 Type species: Katroma neagui Pessagno and Poisson, 1981 ; Turkey, Lower Pliensbachian.
Katroma cf. clara Yeh, 1987 Material.-Sample Rö37: stub Rö37_5 (one specimen); sample Rö38: stub Rö38_1 (two specimen); sample Rö40: stub Rö40_1 (one specimen); sample Rö97: stub Rö97_2 (one specimen); sample Rö416: stub Rö416_4 (one specimen); sample Rö417: stub Rö417 (one specimen), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliens bachian.
Remarks.-Due to the broken horn, the species assignment is uncertain. Typical Katroma clara is known from the Lower Pliensbachian to the Lower Toarcian . It was found in Oregon (USA), Baja California Sur, Northern Calcareous Alps (Austria), Montenegro, Greece, Turkey, Oman, Japan, and Sikhote-Alin (eastern Russia). Yao 1993, pl. 1: 5. 1998 Lantus sp. A; Cheng 1998: 34, pl. 12: 9. ? 2001 Stichocapsa sp.; Kashiwagi 2001 : fig. 6.5. 2006 Lantus praeobesus sp. nov. Carter in Goričan et al. 2006 Tekin 2002 Tekin : 192, pl. 5: 9. 2006 Ares sutherlandi Goričan et al. 2006: 44, pl . ARS02: 2, not 1. 2009 Ares armatus Gawlick et al. 2009: 117, fig. 62: 6. ZooBank LCID: urn:lsid:zoobank.org:act:E32A34DF-6847-4C8F-9679-B2540E6C969D Etymology: Named after Mount Rettenstein, where the holotype was found. Type material: Holotype, PMS 2394, sample Rö37: 182455 (Fig. 9H) Material.-Sample Rö37: stubs Rö37_3 (two specimens), Rö37_6 (11 specimens); sample Rö38: stub Rö38_1 (three specimens); sample Rö416: stub Rö416_4 (three specimens), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Katroma ninstintsi
Diagnosis.-Ares with rectilinear or upward directed straight ventral spine.
Description.-Test with small, dome-shaped cephalis with prominent broad, tapering horn; horn approximately twothirds length of cephalis and thorax combined, three-bladed with rounded longitudinal ridges and grooves of similar width. Thorax is increasing in width distally and expanded in a skirt in some specimens (Fig. 9L 1 ) . Pore frames are irregularly arranged, small-to medium in size, polygonal. Ventral spine rectilinear or directed slightly upward and having a slight downward curving trend in some specimens. Dorsal spine directed slightly downward and may have a slight downward curving trend. Dorsal spine less robust than the ventral spine and often not preserved. Apical horn is directed slightly towards the dorsal spine, and forms an approximate 90° angle with both the dorsal and the ventral spine. Table 4 .
Dimensions.-See
Remarks.-Ares rettensteinensis Cifer sp. nov. differs from Ares mexicoensis Whalen and Carter, 2002 , Ares moresbyensis Whalen and Carter, 1998 , and Ares sutherlandi Whalen and Carter, 1998 , by having the ventral spine rectilinear or directed upwards. Ares armatus De Wever, 1982 has the ventral spine also slightly upward directed in some cases, but the spines of Ares armatus are longer and more curved. Genus Turritus Bertinelli and Marcucci, 2011 Type species: Turritus venturii Bertinelli and Marcucci, 2011; Italy, upper Hettangian-Sinemurian to Toarcian-Aalenian (?). Bertinelli and Marcucci, 2011 Fig. 10AG. 1987 Gen. 2 sp. B; Hattori 1987 Hattori : pl. 21: 7. 1988 Gn. 10 sp.; Hattori 1988 Hattori : pl. 9: G. 1989 Gen. 1 sp. A; Hattori 1989 Hattori : pl. 16: G. 1989 Gen. 1 spp.; Hattori 1989 : pl. 16: H, I, pl. 21: L, pl. 22: A. 1989 Hattori 1989 Hattori : pl. 36: E, F. 1996 Bipedis (?) sp. A; Hori et al. 1996 Hori et al. : pl. 2: 17. 2004 Bipedis (?) sp.; Matsuoka 2004 : fig. 134. 2011 Bertinelli and Marcucci 2011: 418, pl. 3: 21-24.
Turritus venturii
Material.-Sample Rö416: stub Rö416_5 (one specimen), Mount Rettenstein, Northern Calcareous Alps, Austria, Lower Pliensbachian.
Stratigraphic and geographic range.-Hettangian to Toarcian (as published, see synonymy list). Italy, Northern Calcareous Alps (Austria), Philippines, Japan, New Zealand.
Radiolarian biostratigraphy
The age of the radiolarian assemblages was determined first with stratigraphic ranges of genera (according to O'Dogherty et al. 2009) , that allow for a substage precision, and second with stratigraphic ranges of species according to Carter et al. (2010) who divided the Lower Pliensbachian into four radiolarian zones (Fig. 11) . The most precise age determination with genera ( A more precise age determination is enabled on species level (Table 6 ). Among nominal taxa of the Pliensbachian zones established by Carter et al. (2010) , only Katroma clara Yeh, 1987 is possibly present but it is rare and poorly preserved (here identified as K. cf. clara; Fig. 10AB ).
Sample Rö416 contains Noritus lillihornensis , which first appears in the Zartus mostleri-Pseudoristola megaglobosa Zone. The sample further contains Cyclastrum scammonense Whalen and Car ter, 2002 , which disappears in the Zartus mostleri-Pseudoristola megaglobosa Zone. Based on these FAD and LADs, the sample Rö416 could be assigned to the Zartus mostleri-Pseudoristola megaglobosa Zone. However, the sample also contains Bipedis douglasi , which last appears at the Sinemurian-Pliensbachian boundary , and Thurstonia minutaglobus Whalen and Carter in Carter et al., 1998, known to disappear in the uppermost Sinemurian . It is likely that these two species extend at least to the lowermost Pliensbachian Canutus tipperi-Katroma clara Zone.
Noritus lillihornensis Pessagno and Bipedis douglasi Whalen and Carter in Carter et al., 1998, co- occur also in sample Rö417, in which we also identified Atalantria emmela and Droltus sanignacioensis Whalen and Carter, 2002 , which appear in the Canutus tipperi-Katroma clara Zone and disappear in the Gigi fustis-Lantus sixi Zone. Another important species is Palaeosaturnalis tetraradiatus which makes its last appearance in the Canutus tipperi-Katroma clara Zone. Based on these taxa the assignment to the Canutus tipperi-Katroma clara Zone is the most probable, but the discrepancy between Noritus lillihornensis , and the older Bipedis douglasi Whalen and Carter in Carter et al., 1998 , and Palaeosaturnalis tetraradiatus (Kozur and Mostler, 1990 should be kept in mind. This zonal assignment reinforces the inference that sample Rö416 collected stratigraphically below Rö417 cannot be younger than the Canutus tipperi-Katroma clara Zone. Sample Rö37 contains Canoptum rugosum Pessagno and Poisson, 1981 , Katroma cf. clara and Lantus obesus (Yeh, 1987 . All appear in the Canutus tipperi-Katroma clara Zone, whereas Atalantria emmela and Droltus sanignacioensis Whalen and Carter, 2002, disappear Carter in Carter et al., 1998, and Thurstonia minutaglobus Whalen and Carter in Carter et al., 1998 , are also present similarly as in samples Rö416 and Rö417; an assignment to the Canutus tipperi-Katroma clara Zone and Zartus mostleri-Pseudoristola megaglobosa Zone is thus the most probable. We also identified Liassobetraccium so far known up to the lower Sinemurian and Xiphostylus so far recorded in Upper Pliensbachian and younger strata ).
Rö38 contains Noritus lillihornensis Pessagno and Bipedis fannini Carter, 1988 , which first ap- pear in the Zartus mostleri-Pseudoristola megaglobosa Zone. Bipedis fannini Lantus praeobesus Carter in Goričan et al., 2006, extend to the Eucyrtidiellum nagaiae-Praeparvicingula tlellensis Zone. Similar to samples Rö416, Rö417, and Rö37, Bipedis douglasi , is present, which suggests the lowermost Pliensbachian Canutus tipperi-Katroma clara Zone. Therefore an age between the Canutus tipperi-Katroma clara and Zartus mostleri-Pseudoristola megaglobosa Zone is the most probable.
In samples Rö40 and Rö97 we were able to identify only eight and 12 species, respectively. Specimens in both samples are well-preserved but the diversity is lower than in the other samples. We also note that Praeconocaryomma is abundant in these two samples but absent in the others. The co-occurrence of Praeconocaryomma bajaensis Whalen in Goričan et al., 2006 , with Lantus praeobesus Carter in Goričan et al., 2006 in samples Rö40 and Rö97 assigns an age from the Zartus mostleri-Pseudoristola megaglobosa Zone to the Eucyrtidiellum nagaiae-Praeparvicingula tlellensis Zone, that is, to an interval that covers practically the entire Pliensbachian except its base. In sample Rö97, Stauromesosaturnalis deweveri Kozur and Mostler, 1990 with FAD in the Zartus mostleri-Pseudoristola megaglobosa Zone is also stratigraphically important.
If we consider the ammonite dating of the upper part of the grey marly limestone and the overlying red nodular limestone, we can narrow the age of radiolarian samples (Fig. 11) . The lithological boundary between the grey marly limestone and the red nodular limestone is placed in the Ibex Ammonite Zone (Meister and Böhm 1993) , which is equivalent to the Hsuum mulleri-Trillus elkhornensis Radiolarian Zone . Ammonite dating and the normal stratigraphic evolution from the grey marly limestone to the red nodular limestone suggest that the radiolarian samples, all collected in the grey limestone, cannot be younger than the Lower Pliensbachian Hsuum mulleri-Trillus elkhornensis Zone.
Discussion
Taxa with extended ranges.-Five genera were found for the first time in the Lower Pliensbachian. Tozerium was supposed to have disappeared in the early Sinemurian O'Dogherty et al. 2009 ) and only a rare isolated occurrence has been recorded in the Bajocian (Yeh 2011). Fig. 11 . Combined radiolarian and ammonite dating of Lower Jurassic deposits on Mount Rettenstein. The upper age limit of the grey marly limestone is constrained with ammonites, determined in the overlying red nodular limestone, numerical age after Gradstein et al. (2012) . Revised radiolarian dating of samples from the Dürrnberg Formation is shown for comparison.
NW Europe
N America D rrnberg Formation ü Ammonite zones Ammonite dating (Meister and B hm 1993) ö Acaeniotylopsis ghostensis Lower Pliensbachian-Aalenian, UA 11-40 • Anaticapitula anatiformis (De Wever, 1982) Middle Hettangian 1 -middle Upper Toarcian, UA 01-29 • • • Anaticapitula parvireticulata Bertinelli and Marcucci, 2011 Middle and Upper Hettangian 2 • • Archaeocenosphaera laseekensis Pessagno and Yang in Pessagno et al., 1989 Lower Upper Sinemurian-Lower Pliensbachian, UA 01-14 • • Bagotum modestum Lower Pliensbachian-Lower Toarcian, UA 02-27 • Beatricea? argescens (Cordey, 1998) - Carter in Carter et al., 1988 Pliensbachian, UA 06-22 • Bipedis douglasi Sinemurian, UA 01-01 • • • • Broctus kuensis − • • Canoptum reefense Hettangian-Lower Sinemurian 1 • • • Canoptum rugosum Pessagno and Poisson, 1981 Pliensbachian Kozur and Mostler, 1990 Hettangian and Sinemurian 3 • • • Gongarsium blomei Kozur and Mostler, 1990 Hettangian and Sinemurian 3 • • • Gorgansium gongyloideum Kishida and Hisada, 1985 - Lower Pliensbachian-Lower Toarcian, UA 03-26 Pliensbachian, UA 02-23 • • • • Lantus obesus Pliensbachian-Toarcian, UA 02-30 Goričan et al., 2006 Pliensbachian, UA 02-20 • • • • • Liassobetraccium bavaricum Hettangian 4 • Liassobetraccium verticispinosum Hettangian Kozur and Mostler, 1990 Middle Hetangian-Lower Sinemurian 1 • • Palaeosaturnalis tetraradiatus Lower Pliensbachian, UA 01-04 • Palaeosaturnalis subovalis Kozur and Mostler, 1990 - (Carter 1993) and rare undescribed specimens were illustrated from the Middle Jurassic (Yeh and Pessagno 2013: pl. 25:12, 22 ; also see De Wever et al. 2001: fig. 81: 11) . Several species were also identified, which have not been found in samples of this age up until now. The species that supposedly became extinct before the Early Pliensbachian are Bipedis douglasi Carter in Carter et al. 1998, Canoptum reefense (Pessagno and , Liassobetraccium bavaricum , Liassobetraccium verticispinosum , Palaeosaturnalis liassicus Kozur and Mostler, 1990 , Pantanellium browni Pessagno and Blome, 1980 , Pseudoheliodiscus robustospinosus Kozur and Mostler, 1990 , Stauracanthocircus asymmetricus Kozur and Mostler, 1990 , and Thurstonia minutaglobus Whalen and Carter in Carter et al. 1998 . The species that were thought to first appear after the Early Pliensbachian are Cornutella riedeli Yao, 1979, and (for previously stated stratigraphic ranges see the section on systematic paleontology and Table 6 ). All samples also contained specimens of either Archaeocenosphaera, some species of Gorgansium, or Novamuria, which were occasionally used as index fossils for the Hettangian and Sinemurian. Species of these genera are not suitable for age determination due to their simple structure, which does not change significantly from the Triassic to the Cretaceous.
Comparison with assemblages of the Dürrnberg Forma tion (Austria).-The Dürrnberg Formation was studied in shorter sections, preserved as blocks in the Hallstatt Mélange (Sandlingalm Formation in Fig. 2) , which were then combined to a possible lithostratigraphic evolution (e.g., O'Dogherty and Gawlick et al. 2009 ). The lower part of the formation (Hettangian) is represented by dark grey, partly siliceous marl. The upper Hettangian to the Sinemurian is represented by bioturbated grey siliceous limestone with marl intercalations, followed by Pliensbachian dark-grey siliceous marly limestone. During the Pliensbachian the marl content increased towards the top. The overlying Lower Jurassic Birkenfeld Formation consists of siliceous marl ).
Radiolarian faunas from the Dürrnberg Formation were studied at the Hallein-Berchtesgaden Hallstatt Zone as well as at the Teltschengraben (O'Dogherty and . The fauna studied in Gawlick et al. (2001) was assigned to the Hettangian to Sinemurian, based on the range charts available at that time . Since Carter et al. (2010) updated the ranges of many Early Jurassic taxa and integrated them in a global radiolarian zonation for the Pliensbachian to Aale nian, a re-evaluation of these samples is discussed below. We compare the fauna studied Pantanellium browni Pessagno and Blome, 1980 -• Pantanellium haidaense Pessagno and Blome, 1980 Upper Sinemurian 5 • • Pantanellium skedansense Pessagno and Blome, 1980 -• Parahsuum ovale Hori and Yao, 1988 Upper Sinemurian-Upper Toarcian, UA 01-33 • Parahsuum simplum Upper Sinemurian-Aalenian, UA 01-36 • • Paronaella corpulenta De Wever, 1981 Lower Pliensbachian-Lower Toarcian, UA 01-27 • • Paronaella grahamensis Carter in Carter et al., 1988 Lower Pliensbachian-Aalenian, UA 03-34 • • • • Praeconocaryomma bajaensis Whalen in Goričan et al., 2006 Lower Pliensbachian-Aalenian, UA 06-38 • • Praeconocaryomma decora gr. Upper Lower Pliensbachian-Aalenian, UA 17-35 • • Praeconocaryomma parvimamma Pessagno and Poisson, 1981 -• Pseudoheliodiscus radiosus De Wever, 1981 -• Pseudoheliodiscus robustospinosus Kozur and Mostler, 1990 Hettangian-Sinemurian 4, 6 • Saitoum keki De Wever, 1982 -• • • Stauracanthocircus asymmetricus Kozur and Mostler, 1990 Hettangian 4 • • Stauromesosaturnalis deweveri Kozur and Mostler, 1990 Lower Lower Pliensbachian-middle Upper Toarcian, UA 10-32 • Turritus venturii Bertinelli and Marcucci, 2011 Upper Hettangian 2 • Xiphostylus simplus Upper Pliensbachian-Aalenian, UA 19-39 • •
Zhamoidellum sutnal (O'Dogherty and − • UA 02-26 • Bagotum modestum UA 02-27 • • Beatricea christovalensis UA 01-20 cf.
Bipedis douglasi UA 01-01 • • • • Bipedis yaoi Hori in Goričan et al., 2006 UA 04-12 • Broctus kuensis -• • Canoptum dixoni UA 01-21 • Canoptum reefense -• • • • Canoptum rugosum Pessagno and Poisson, 1981 UA 02-27 • • Canoptum triassicum − • Charlottea amurensis UA 01-02 • Crucella angulosa Carter in Carter et al., 1998 UA 06-32 • Crucella spongase De Wever, 1981 UA 14 UA 02-30 • • • • • • herein with the described radiolarian species of Gawlick et Gümüʂlü allochthonous unit was extensively studied in the 1980s by De Wever (1981a , b, 1982a , Pessagno and Poisson (1981) , and later by Dumitrica (in Goričan et al. 2006) and is one of the best preserved Pliensbachian radiolarian assemblages of the Tethyan realm. The sample was recently assigned to the Gigi fustis-Lantus sixi Zone (UA18) by Carter et al. (2010) . The sample 1662D contains some taxa that were also found in our studied samples, such as Anaticapitula anatiformis (De Wever, 1982) , Canoptum rugosum Pessagno and Poisson, 1981 , Cuniculiformis plinius De Wever, 1982 , and Katroma clara Yeh, 1987 . Several taxa were identified in 1662D, but were not identified in our samples, like Ares armatus De Wever, 1982 , Ares cuniculiformis Dumitrica and Whalen in Goričan et al., 2006 , Bipedis calvabovis De Wever, 1982 , Crucella mijo De Wever, 1981 , Crucella spongase De Wever, 1981 , Foremania sandilandsensis gr. , Gigi fustis De Wever, 1982 , Katroma bicornus De Wever, 1982 , Pseudoheliodiscus yaoi gr. Thetis oblonga De Wever, 1982. These differences are in accordance with a slightly older age of our samples. However, the absence of some taxa in our samples is not necessarily related to an age difference but may be due to the fact that the assemblages are less well-preserved and less complete than that of sample 1662D.
Conclusions
The Rettenstein succession sensu stricto consists of Lower Jurassic grey marly limestone, upper Lower Pliensbachian to Upper Pliensbachian red nodular limestone, Lower Toarcian red marl, Middle Jurassic red calcareous Bositra marl, Upper Oxfordian debris-flow deposits and radiolarite, and the Upper Oxfordian-Tithonian shallowing-upward carbonate sequence of the Plassen Formation. Six samples from three localities in the Lower Jurassic grey marly limestone were examined for radiolarian taxonomy and biostratigraphy. Radiolarian assemblages are well-preserved and diverse. Seventy-one species belonging to 45 genera are described. Four species are new: Tozerium filzmoosense Cifer sp. nov., Loupanus pliensbachicus Cifer sp. nov., Thurstonia? robusta Cifer sp. nov., and Ares rettensteinensis Cifer sp. nov. Based on radiolarian fauna, the oldest samples are assigned to the Canutus tipperi-Katroma clara Zone which is the lowest radiolarian zone in the Pliensbachian. Radiolarians in the upper part of the sampled unit indicate an interval from the Zartus mostleri-Pseudoristola megaglobosa Zone to the Eucyrtidiellum nagaiae-Praeparvicingula tlellensis Zone, which covers the rest of the Pliensbachian. Based on previous ammonite data, indicating that the lithological boundary with the overlying red marly limestone lies in the Tragophylloceras ibex Ammonite Zone (Meister and Böhm 1993) , we narrowed the age of the studied radiolarian samples to the early Early Pliensbachian. Some genera have yet not been found in samples of this age. These are: Doliocapsa, Liassobetraccium, Loupanus, Tozerium, and Xiphostylus.
Correlative assemblages were previously found in the Dürrnberg Formation and assigned to the Hettangian-Sinemurian ; their age is here revised to the early early Pliensbachian. The assemblages from Mount Rettenstein are somewhat older than the late Early Pliensbachian assemblages of the Dürrnberg Formation (O'Dogherty and and of the famous radiolarian sample 1662D from Turkey (De Wever 1982b with references).
